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a hypodermic injection to increase the rate of 

effectiveness. The dosage for Tribisson was 0.10 ml per 30 

g of bird. Coccidiosis was treated with Albon (active 

ingredient: sUlfamethoxine) and Corid solution (active 

ingredient: 9.6% amprolium). Albon and the Corid solution 

were both administered in liquid form, diluted in the 

drinking water. The dosage for Albon was 0.53 cc per liter 

of water, and the dosage for Corid solution was 1 ml per 

liter of water. The Corid solution was administered to all 

birds remaining in the aviary during November 1987 to 

prevent further infection by the coccidia parasite. In all 

cases where a medication was administered in the drinking 

water, deionized water was used. The mixtures were made 

fresh daily and were the sole source of drinking water. The 

peculiar abscesses on the faces of two birds in 1988, were 

lanced and treated with hydrogen peroxide. 

The medications used for the indications described are 

listed in Table 5, where the year of use and number of 

treated cases is given. Most treatments were administered 

during the second year of the study, when infection rates 

were extremely high and most likely due to high level 

exposure to causal agents such as the coccidia parasite, 

Isospora, or fungi, Rhizopus and Scapulariopsis. Treatments 

were only occasionally successful. For all three years, a 

total of 28 birds were isolated and treated, but only eight 

birds survived. The reason for this low success rate for 



Table 5. Treatments used on captive Nashville warblers while in the Columbus Zoo 
aviary. 

No. of cases treateda 

(No. of successful treatments) 

Medication Active ingredient Indication 1986 1987 1988 

Terramyacin Terramyacin Broad spectrum 2 (1) -0­ 4 (0) 

LS50 oxytetracycline Respiratory 
infection 7 (5) 11(5) -0­

Tribisson Sulfamethoxine Respiratory 
and 

Trimethaprim 
infection -0­ -0­ 2 (0) 

Albon Sulfamethoxine Coccidiosis -0­ 9 (5) -0­

Corid solution 9.6% Amprolium Coccidiosis 
prevention -0­ 21 (n/a) -0­

Peroxide Hydrogen Abscess 
peroxide -0­ -0­ 2 (0) 

aSome birds had >1 illness and >1 treatment. 

VI 
\0 
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treating birds is not because the medications or procedures 

were incorrect, but more likely because the bird was too ill 

to recover. The tiny size of the warbler does not provide 

much reserves to fight illness. If the first signs of 

illness were not detected, the bird had little chance of 

recovery. The most effective treatment was the use of Corid 

solution on all remaining birds in the aviary during the 

second year of the study. The rate of mortality was greatly 

reduced after the treatment; 16 birds died between September 

and mid-November, when the treatment was administered, and 7 

birds died from mid-November to May. 

Modifications of Aviary Conditions and Procedures 

Many changes were made to reduce mortality and illness 

in the aviary and on the release sites. After the first 

year, the photoperiod was altered to simulate the natural 

photoperiod during fall migration, throughout the winter, 

and during spring migration. The gradual changes in 

photoperiod were particularly important in the spring to 

minimize aggression and to better control the onset of the 

breeding condition. Under the more natural photoperiod, 

birds still began the prenuptial molt on time, appeared to 

come into breeding condition just prior to transport to 

Michigan, and appeared less aggressive during the final 

weeks in the aviary. 
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After the second year of the study, the air flow in the 

aviary had deteriorated to less than four air exchanges per 

hour due to cracks in the aviary construction. The entire 

aviary was resealed with caulking, which restored the 

efficiency of the ventilation fan and the four air exchanges 

per hour. In addition, the filter on the air intake was 

replaced by a 60% efficiency, pleated, tacky, fiberglass 

filter that was much better suited for trapping fungal 

spores and other possible disease-causing agents than the 

old filter. The new filter was also changed more 

frequently, at least every four weeks, synchronous with the 

cleaning of the aviary. 

During the second and third years, the temperature was 

held at 22 c until early spring, when we began to initiate 

gradual fluctuations in the temperature. The coolest the 

aviary could get was approximately 18 c, the temperature in 

the basement of the. building. Fluctuating the temperature 

gradually allowed the birds to develop a tolerance for 

varying temperatures, reducing the shock of release into the 

exposed soft-release cages later in the spring. 

After the second year of occupancy, the aviary was 

infested with several disease causing agents, primarily 

because of the ineffective filter and the deterioration of 

the four air exchanges per hour. In addition to rectifying 

those problems, the aviary was completely sterilized. The 

artificial vegetation was removed, washed, disinfected with 
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antifungal, antibacterial cleansers and well rinsed. Each 

cage unit was scrubbed and disinfected. In addition to the 

antifungal, antibacterial cleanser, a 5% sodium hypochlorite 

solution was used. Each cage was well rinsed. All bedding 

was removed, and the floors cleaned and disinfected in the 

same way. The vegetation was returned to each cage unit, 

and the entire aviary was fumigated with a sterilant, 

methylbromide. The sterilant remained in the aviary, 

enclosed in a giant tent, for 24 hours. The chemical was 

released, and the aviary was safe within two hours. The 

aviary aired out for two days before the third group of 

birds were brought to the Columbus Zoo facility. 

In addition to modifying the physical conditions in the 

aviary, several procedures were changed. The feeding 

routine incorporated a diet expansion during the second 

year. The prepared mash was supplemented with greens such 

as endive or collards, with fruit such as orange slices, 

halved grapes or cherries, with crumbled, hard-boiled egg, 

and with a seed mix. The diet expansion, though divergent 

from a natural selection of foods, was expected to improve 

resistance to illness in captivity (Pope pers. corom.), as 

well as provide additional sources of carotinoids. The 

warblers regularly ate the orange slices, grape halves, and 

egg. 

During the third year, a more frequent cleaning 

regiment was instituted. The aviary was completely cleaned 
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and disinfected every four weeks, including the artificial 

vegetation. The bedding was removed and replaced during 

these cleanings. The air filter was also replaced at this 

time. 

Conclusions 

I believe that by the third year of the study, I had 

refined the overwintering technique such that it was a safe 

way to maintain captive birds. The high survivorship of 

birds in the aviary during the third year of the study was 

indicative of the potential to reduce overwintering 

mortality well below natural levels (Morse 1989). Each year 

of the study provided new insights, and by the third year 

many modifications had been made that contributed to the 

high survivorship. However, any technique that requires 

long term captivity should be used with caution. There is 

always some risk involved in maintaining many individuals in 

an artificial setting. Exposure to disease or loss of 

"wild ll behaviors (especially for young animals) are possible 

dangers. Proper evaluation after the use of such an 

overwintering technique should provide information regarding 

its success and ability to minimize the risks. 



RELEASE OF BIRDS ON NEW SITES 

Methods 

Transport of the captive birds to Michigan in early May 

was approximately synchronous with the arrival of most wild 

birds. The captive birds were immediately placed, in pairs 

as assigned at the overwintering aviary, in a soft-release 

program. It was considered a soft-release because the 

warblers were kept for at least ten days in the exposed 

release cages, and supplemented with food and water. The 

birds had the opportunity to begin to forage naturally on 

the enclosed vegetation, and to learn their surroundings. 

The warblers were able to see the skyline, and hear the 

surrounding, singing males. Many captive males began to 

sing during this period. At the time of release, birds were 

captured in mistnets inside the release cage, examined for 

cloacal protuberance or brood patch, and released from the 

hand. This procedure also allowed the synchronous release 

of both members of the pair. After birds were released, 

food and water were still provided on the top of the cage. 

No released bird ever returned to the supplemented food or 

water after release. Many birds were held for much longer 

than 10 days because of the time it took to remove local 
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warblers from surrounding territories prior to release of 

each captive pair. 

The approximate territories of surrounding males were 

plotted, and the Nashville warblers on territories adjacent 

to the release cage were removed. Clearing birds from 

adjacent territories was necessary for two reasons. First, 

a reintroduced endangered species would not have 

conspecifics in the immediate area, and I attempted to mimic ... 
the endangered species' situation. Secondly, I attempted to 

minimize the confounding effect of competition by 

conspecifics. I attempted to clear at least two adjacent 

territories before the captive pair was released. The 

removal of the female from each of the surrounding 

territories was an important part of creating a vacancy 

(Greenberg pers. comm.). 

Most wild birds were removed using mistnets and 

playback tapes of the male Nashville warbler song, provided 

by the Borror Bioacoustics Lab. Playbacks of the male 

Nashville warbler song were effective in luring males to the 

nets, but females rarely responded to the tapes. Many males 

were captured from each targetted territory, indicating that 

there may be a floating, surplus population of Nashville 

warblers in this habitat. Occasionally more than one female 

was caught per territory, but most often only one female was 

captured per territory. If the warblers were not caught in 

a mistnet by the fifth day, they were removed with a 20 
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gauge shotgun, using No. 8 shot shells. This method was 

effective for removal of males but not females, because 

females were extremely difficult to locate. Given the 

difficulty in catching females, some captive pairs were 

released without removing the female. 

Wild Nashville warblers captured in mistnets were 

... marked with one aluminum federal band and transported up to 

65km north and released. Relocated birds often returned to 

their territories. Therefore, during the second and third 

years of the study, local wild birds captured in mistnets 

were banded and held in vacant release cages (up to 

approximately 10 per cage) throughout the breeding season, 

and released in mid-July . 

... 
During the first and second years of the study, release 

areas were prepared one at a time. The time investment in 

this endeavor was too great. The breeding season was coming 

to a close before all the captive pairs could be released on 

prepared territories. In the first year, three pairs were 

released without clearing the adjacent territories. In both 

of the first two years, four pairs were released in molt; 

they were beyond breeding condition. Also, the catch-per­

effort throughout the first two years revealed that only 

four days of neeting were fruitful. The mean number of 

Nashville warblers caught per day in the first four days was 

1.26, and, on average, only 0.75 Nashville warblers were 

caught per day after the fourth day. More importantly, in 
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the 11 (out of 16) locations where females were caught, nine 

locations had the female caught within the first four days. 

To avoid the problem of late releases in the third year, 

additional assistants were recruited, and four release areas 

were prepared at the same time. We mistnetted in four areas 

simultaneously for four mornings, and if any birds were 

still located in the targetted territories, they were shot. 

The captive pair was released on the fifth day, and observed 

on the sixth day. This schedule was repeated until all 

pairs were released, taking a total of 18 days to release 12 

pairs. with this scenario, all captive warblers were 

released in breeding condition into cleared territories. 

Once the Nashville warblers were released, they were 

followed under a focal animal sampling plan with a maximum 

of 120 minute sampling period at anyone visit. Visit times 

were rotated such that each bird was observed at all times 

of the day (from 0600hrs to 1800hrs). The birds were 

pursued using audio and visual cues. The male was followed, 

and hopefully, information about the secretive female could 

be attained through interactions with the male. The 

locations of the male were recorded in relation to the 

release cage, eventually revealing the boundaries of the 

territory. Aggressive interactions with surrounding 

territorial males also defined the territory boundaries. 

The mated status of the male was determined by his song rate 

and behavior. Males that continued to sing frequently and 
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advertise from song perches were considered unmated. Males 

that sang less frequently and shifted to lower perches in a 

core area were considered mated, and this was always 

confirmed by locating the female. The nests were located by 

following the male to the core area and pursuing the 

chipping sounds of the female. 

If the released birds could not be located after the 

release, a minimum of three visits were designated before 

the failed status could be assigned to the pair. During the 

three visits, suitable habitat within at least a 500 m 

radius of the release cage was surveyed using a variety a 

transect patterns. All singing Nashville warblers in this 

area were observed to see if they were, wearing color-bands. 

During the second and third year, searches were 

conducted on both the capture and release sites to find 

color-banded Nashville warblers that were released in 

previous years. Three search periods were established 

during the early, mid, and late breeding season. On release 

sites, we walked transects through the entire release 

location (see Figures 6-8), including some portions of the 

surrounding non-optimum habitat (see Figures 12, 13, and 

16). Also, extensive mistnetting at the release sites to 

capture local, wild birds was considered a search method for 

previously released warblers. On the capture sites, an area 

of at least 250 m radius around the capture sites were 

surveyed for singing males, searching for color-banded 
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birds. Netting was also done on capture sites and served as 

a search method for previously released birds. Throughout 

the Huron National Forest and the surrounding state forests, 

ample habitat exists for Nashville warblers. Unsurveyed 

optimum habitats were within approximately 5 km of the 

release sites. 

A release was considered a failure if both birds left 

the area. If only one member of the pair remained at the 

release site, it was considered a partial success. A 

successful release was one in which both members of the pair 

remained together on the release site. Therefore, nests 

could be produced in both the partially successful and 

successful releases. 

Results 

In 1987, 26 Nashville warblers were returned to 

...	 Michigan and placed in the soft-release program (Table 3) • 

Ten birds (8 male, 2 female) died (Table 3), presumably due 

to the unseasonably cold and wet spring weather. The 

captive birds were not acclimated to fluctuating 

temperatures. Because of the skewed sex ratio and incorrect 

sex determination, birds were reshuffled, forming eight new 

sets of pairs. Five pairs were released in breeding 

condition (Table 6). All five pairs were partially 

successful (Table 6). In four cases the released male set 

up a territory, but apparently was not mated. In one case 
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Table 6. status of released pairs of Nashville warblers on 
new sites. 

Year 

No. pairs 
released 

in breeding 
condition 

Number of pairs inwhich the 
following number of members 
of the pair remained on b 

territory (no. of nests) 

0 1 2 

1987 5 0 5 (1) 0 

1988 4 2 2(2) 0 

1989 128 
5 5(1) 2 (2

c
) 

TOTAL 21 7 12 2 

8 1 pair had a female with abscess of face - not completely 
healthy. 

b5 of 6 pairs (and 7 of 8 nesting attempts) were parasitized 
by cowbirds. 

cBoth nests were abandoned, and second nests were built 
(both parasitized). 

-
-
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the released female remained on the territory and paired 

with a wild male, and the released male did not defend a 

territory. The female had previously constructed a nest and 

laid one egg while in the release cage. Her mate was one of 

the males that died. She did not pair bond with the second 

captive male. Once released and paired with the wild male, 

she built a second nest and incubated four eggs. Three of 

the four eggs hatched. Nestlings were fed by both the wild 

male and the released female. The nest was destroyed on the 

fourth day 'after hatch, and the female was possibly killed 

as well, as we found adult feathers in the area of the 

destroyed nest. Detailed results of each pair released are 

in Appendix c. 

In 1988, 14 Nashville warblers were returned to 

Michigan and placed in the soft-release program (Table 3). 

This year, birds were acclimated to a broader range of 

temperatures, and the weather was mild. Three birds died 

during the soft-release program, leaving 11 birds for ... 
release (Table 3). Four pairs were released in breeding 

condition, of which two were partially successful and two 

were failures (Table 6). One of the pairs that was assigned 

the failed release status was active prior to release. The 

pair had produced a nest inside the release cage. Only two 

eggs were laid, and neither egg hatched. For both of the 

partially successful releases, the males defended 

territories. One male remained unmated on his territory. 
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One male paired with a wild female who produced a nest but 

was parasitized by the brown-headed cowbird (Molothrus 

ater). The female released with this male also paired with 

a wild bird and produced a nest that was parasitized. 

Detailed results of each pair released are in Appendix c. 

In 1989, 32 Nashville warblers were returned to 

Michigan and placed in the soft-release program (Table 3). 

Four birds died and three birds escaped, leaving 25 birds 

for release. One of these birds was released as a single 

male, and 12 pairs were released in breeding condition 

(Table 6). Five of these releases were considered failures. 

Five releases were partially successful, of which four were 

males defending territories but remaining unmated, and one 

was a female pairing with a wild male and producing a nest 

(parasitized). Two releases were considered successful. 

Both members of the released pair remained on the territory 

and produced a nest. In both cases the nests were 

parasitized, and when the cowbird egg or nestling was 

- removed, the nests were abandoned. One pair remained 

together to produce a second nest (also parasitized), while 

the second pair separated, and the female produced a second 

nest with a wild male (also parasitized). In one of the 

successful releases, the male not only defended the 

territory with his released mate, but also defended a second 

disjunct territory. He did not appear to have a mate in the 
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second territory. Detailed results of all pairs released 

are in Appendix c. 

After the breeding season each year, some released 

warblers were seen roaming with mixed-species flocks. Also, 

the onset of the post-nuptial molt in the released birds was 

synchronous with the wild birds. Based on this evidence, it 

appeared that the released warblers would migrate as the 

wild birds did, although no proof of proper migration was 

found. 

All searches for previously released warblers failed to 

locate any color-banded birds. After the first two years, 

47 local birds were captured, banded, and eventually 

released. Only three males were seen with federal bands in 

release areas during the following years. Therefore, it is 

not surprising that the 27 color-banded birds released in 

the first two years were not seen in following years. The 

species was not as precisely site tenacious between seasons 

as expected, and the amount of optimum breeding habitat in 

the vicinity was too vast to be searched. 

Conclusions 

The success of the release phase of the reintroduction 

technique was to be evaluated by three criteria: 1) if the 

birds remained on the new site, 2) if the birds reproduced 

on the new site, and 3) if the birds returned to the new 
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r 

site the following year. The first two criteria were 

adequately addressed. 

The data show that 14 of the 21 pairs released in 

breeding condition had at least one member of the pair 

remain on the new release site (Table 6), so 67% of the 

released pairs met criteria 1. Released males demonstrated 

their ability to defend territories. Only 2 pairs stayed 

together as a pair. Forcing birds to pair by housing them 

I together was not a successful technique. Group releases in 

r 
unoccupied habitat, where pair bonding could occur r naturally, would likely be more successful. 

The ability to reproduce was demonstrated by four of 

r 
the partially successful pairs and by the two successful 

pairs (Table 6). A total of eight nesting attempts 

occurred; however, seven were parasitized by the brown­r headed cowbird. Two nesting attempts were renests after 

parasitism, and the nests were also parasitized. The rater 
of parasitism was high for other species in the area as 

r well, so I do not feel the released warblers were vulnerable 

to parasitism due to their manipulated past. The fact that 

they were reproductively active: able to pair bond, 

construct a well-hidden nest, incubate, brood, and feed 

young, was considered evidence for meeting criteria 2. 

Also, any release of the endangered species would be into 

management units where cowbirds were trapped and removed. 
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The third criteria could not be addressed because the 

surrogate species did not seem as site tenacious as 

initially thought and the area (within a few km) of the 

capture and release sites were too vast to search. The 

endangered Kirtland's warbler, however, has been well 

documentd as being very site tenacious between seasons 

(Walkinshaw 1983), especially if reproductively successfulr the previous year. 

I 
r
 
r
 
r 
r
 
r
 
~ 

I 



AN ALTERNATIVE METHOD FOR REINTRODUCTION 

I 

As an alternative to capturing birds in the fall, 

overwintering them in an aviary, and releasing them in the 

spring, a simple translocation in the spring was attempted 

in both 1987 and 1988. The objective of the translocation 

I was to establish pairs on new sites. The success of the 

r 

translocation would be evaluated by whether the birds 1) 

r remained on the new site, 2) reproduced on the new site, and 

3) returned to the new site the following year. 

r Methods 

Adult Nashville warblers were captured from the same r capture sites as birds held over the winter. Birds were 

~ captured with mistnets and playba~k tapes of the male 
! 

I 

Nashville warbler. We attempted to catch birds soon after 

they arrived. However, time constraints prohibited early 

capture of birds as they arrived in the spring. We 

approximated the territory boundaries of a singing male, and 

then targetted him and his mate for capture. We almost 

always caught more than one male, suggesting the possible 

presence of a floating, surplus population of males on the 

capture sites. In the first year, once a bird was caught, 

76 
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r 
r 
r 
r 
r 

it was placed in a holding cage, transported 65km to a 

release site, and placed directly into a release cage. In 

the second year, captured birds were placed in holding cages 

and monitored for at least 24 hours until adjustment to 

captivity was certain. The captured birds were then 

transferred to the release cage. In both years, once the 

birds were placed in the release cage, they underwent the 

same soft-release program as the overwintered birds. 

Results 

In May 1987, three pairs of Nashville warblers were 

captured and placed in the soft-release program. The true 

paired status of the captured male and female was unknown. 

Three birds died soon after placement in the release cage. 

The other three birds died during the extremely cold, wet 

weather at the end of May. No birds survived to release 

time. 

In May and June 1988, three pairs of Nashville warblers 

accepted captivity, and were placed in the soft-release 

program. Two birds died and were replaced, so a total of 

eight birds were translocated, with 75% survivorship to 

release. Three pairs were released on the new site, but two 

of the three pairs were not naturally formed. Also, by the 

time the third pair was released, they were molting, thus 

beyond breeding condition. Neither of the two pairs 

released in breeding condition remained on the new site. 
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One of the males was seen on the capture site three days 

after his release. 

Conclusions 

I 

The alternative method of translocating warblers in the 

spring was not successful. The cold weather and failure of 

birds to adjust to captivity in the first year, and the late 

capture of birds in the second year, prohibited an adequate 

I test of this technique. This technique should be 

investigated as a separate project. It would appear that 

r early capture is essential given the males' tenacity for his 

established territory within a breeding season.r
 
r
 
r
 
r 

I 

~ 
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SUMMMARY AND	 CONCLUDING REMARKS 

r 

Recommendations for the Reintroduction of Kirtland's Warbler 

The development of the reintroduction technique was a 

combination of many procedures that had to be fine-tuned and 

r 
tried on a surrogate species. Most phases of the 

reintroduction technique were successful, producing 

efficient procedures that could be used on an endangered r species. However, some procedures were not successful or 

were not completely assessable.r 
r 

The second protocol developed to bring birds into 

captivity was 92% successful (Table 2). The procedure was 

as follows.	 Immediately after removal from a mist net, the 

r	 warbler was placed in a 45.7cm X 45.7cm X 45.7cm holding 

cage, with a wood frame and sides lined with 0.6cm mesh,­
I 

polyester netting. The holding cage was provisioned with 

~ water and live mealworms. The cage was promptly covered 

with a dark, cotton cloth such that the cage environment was 

dark. The cage was then placed in a remote location from 

the banding station. The caged birds were minimally 

disturbed, except to evaluate their condition after 30 

minutes. 

i 
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The transport procedure was 100% successful. The 

warblers were transported in the holding cages, again 

provisioned with food and water and covered with a dark 

cloth. To reduce stress, transport was always done at 

night, providing a cool environment and a natural calm 

period for the birds. 

r The overwintering conditions and procedures were 
I 

refined by the third year and appeared to be successful. 

r The physical conditions in the aviary were extremely 

important to reduce the risk of disease. In addition to the r modifications made in the Columbus Zoo aviary, I will 

r 

or- recommend further modifications for an aviary to be used in 

I 

the future. The size of the aviary was quite acceptable. 

The 1.2m wide X J.Orn long X 2.4m tall cage units were 

appropriate for flight and escape abilities of the warblers. 

The interior design of each cage should be slightly 

modified. The construction material used for the walls of 

the cage units should be less porous than plywood. Fungal 

spores and parasitic protozoans can become imbedded in such 

a porous material. I suggest a hard, finished material such 

as enameled panels of press board. This can be washed and 

will not harbor any microscopic pests. Also, each cage unit 

should have a floor drain so that it can be completely 

cleaned and rinsed. The hardware cloth at the rear of the 

cage, the artificial vegetation, roosting platforms, 

shastaboard fiberglass insulation, and dust-free wood chips 
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as bedding were all successful features of the interior 

design of the cage units. The feeding platform accessed by 

a window was a useful design; however, a darkened window 

pane that allowed viewing into the cage but not out might be 

an additional advantage. The lighting controls were 

satisfactory, allowing photoperiod manipulations to the ... 
minute. The cool, white, 40 watt flourescent bulbs were 

acceptable, but new flourescent bulbs are available that 

closely represent natural lighting. Also, dawn and dusk 

could be simulated with dimming controls. The ventilation 

system was successful at providing four air exchanges per 

hour, when the aviary was adequately sealed. I feel the 

high efficiency air filter is absolutely necessary to screen 

out disease causing agents. Many designs of filters are 

available and must be matched to the aviary size, 

ventilation fan horsepower, and desired number of air 

exchanges per hour. The ambient temperature of 22 c was 

appropriate, and the temperature fluctuations (18 c - 22 c) 

in the spring may have helped by increasing the range of 

temperatures tolerated by the captive warblers. A heating 

system that allows greater fluctuation in temperature is 

desirable. The humidity should be monitored and a 

humidifier installed if the average relative humidity falls 

below 45% - 70%. The expanded diet was well recieved by the 

birds. In addition to consuming supplemented mealworms and 

the prepared mash, warblers ate the sliced fruit and 



82 

crumbled egg. The feeding routine was effective; cleaning 

the dishes and feeding platform once a day was enough to 

keep the risk of disease low. I think the cleaning regime 

was critical to minimize exposure to disease causing agents. 

Bedding under perches and platforms was removed and replaced 

once a week or as necessary to prevent the build up of 

feces. Each cage unit was completely cleaned every four 

weeks, disinfecting everything inside the cage, and removing 

and replacing all the bedding. Everything was well rinsed 

after disinfection with the antifungal, antibacterial 

cleansers. Birds remained in the cages during these monthly 

cleanings. 

The sexing technique developed by Duncan Evered to 

supplement plumage predictions of sex was quite successful. 

The technique includes measuring wing shape, based on the 

distance between adjacent primaries, and tail length. These 

measurements are scaled for body size and plotted using a 

discriminant analysis function. The technique was 100% 

accurate for all birds whose sex was later known. 

The soft-release technique was successful. Birds 

appeared to quickly adjust to their new surroundings on the 

release site. Males were often prompted to sing by the 

songs of the surrounding males. Birds often adjusted to 

foraging naturally if insects were available in the cage. 

However, the low density of natural prey forced a continued 

dependency on the food provisions in the cage. Mistnetting 
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birds in the cage prior to release allowed last chance 

evaluation of the breeding condition and the synchronous 

release of the pair. 

The evaluation procedure after the release of each 

pair provided data on the success of the reintroduction. 

The focal animal sampling of singing males revealed the 

ability of males to defend and maintain a territory. The 

location of nests revealed that, after nine months of 

captivity, the warblers would reproduce properly. Focal 

animal sampling also revealed that the warblers would join 

mixed-species flocks at the end of the breeding season, 

appearing to prepare for migration. No proof of migration 

was obtained. The searches for previously released warblers 

- failed to produce evidence of return to the new site. 

The only attempted procedure that absolutely did not 

work was the forced pair-bonding. Simply placing males and 

- females in the same cage unit and release cage did not 

insure the pair would stay together. Group releases of the 

endangered species may avoid this problem. 

-
concluding Remarks 

I believe the reintroduction technique developed in 

this project is a unique way to increase overwinter 

survivorship and translocate a population to a new site. 

with the refinements made by the third year of the study and 

the suggestions I made for further modifications, I feel the 

-
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technique is successful. For all three years, the overall 

survivorship was 47% (Table 3). The 3rd year survivorship 

of 70% (Table 3) represents the potential of the 

reintroduction technique. Nolan (1978) found that yearly 

survivorship for hatch year prairie warblers was 39% (from 

fledge to return). Morse (1989) showed that yearly 

survivorship for adult and juvenile birds of several 

paruline species ranged from 53-85%, pointing out that for 

juveniles alone, the survivorship was much less. Therefore, 

70% survivorship for hatch year warblers is quite high. 

However, there will always be some risk in using a technique 

that involves long term captivity. Therefore, I advise 

caution when considering such a technique. 

I have several concerns about the use of reintroduction 

techniques. Primarily, I recommend against the use of any 

translocation that introduces a species into exotic 

habitats. As Conant (1988) pointed out, we may be tinkering 

with evolution if we place species in nonnative habitats, 

resulting in unforseen and undesirable consequences. I also 

caution against the reintroduction of a species into 

suboptimal habitats, even if it is historically native. 

Griffith et ale (1989) show extremely low success rates for 

reintroductions in sUboptimal habitats. Investments should 

first go into developing optimal habitat, and then, if 

necessary, into a reintroduction attempt. I am concerned 

about repeated use of reintroduction techniques to establish 
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populations. If a population is not established after a few 

reintroduction attempts, then the technique should be 

stopped and re-evaluated. Proper evaluation of any 

reintroduction is an essential part of developing this 

technique for use in conservation biology (Scott and 

Carpenter 1987). 

The Kirtland's Warbler Recovery Team initially requested 

. the development of a reintroduction technique for use in 

case of emergency. If the Kirtland's warbler population 

crashed, a reintroduction attempt might be unwise. Griffith 

et ale (1989) show low success rates for reintroductions 

when the source population is decreasing. However, several 

procedures developed in this project would be useful in 

developing an emergency captive population, such as capture 

and transport procedures and long term captivity procedures. 

would recommend the use of the reintroduction technique 

when the population was at least stable, and preferably 

increasing. 

Under the Kirtland's Warbler Recovery Plan (Byelich 

et ale 1976), critical habitat has been created on the 

periphery of the presently collapsed range of the species. 

The present increase in the population (Weinrich pers. 

comm.) may provide adequate numbers of dispersing birds such 

that this habitat is found and occupied. Hopefully, an 

expansion of the present range of the species will occur 

naturally. However, if it does not, this reintroduction 
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technique could be used to establish satellite populations. 

As long as the habitat in the peripheral management units is 

adequate, and the technique is properly evaluated each year, 

I feel it is a viable management tool for endangered species 

management. 

Suggestions for Future Work 

To identify a potential target group for 

reintroduction, future studies of the population structure 

of the endangered species are needed. Investigation of the 

existence and possib~e constituents of a floating, surplus 

population of Kirtland's warbler would be pertinent. A 

nonterritorial population would likely be searching for 

available habitat and available mates. The reintroduction 

technique provides both mates and new habitat for 

exploitation. Perhaps the available habitats are too far on 

the periphery of the collapsed range to be found by the 

birds. If a floating population of nonterritorial 

Kirtland's warblers does exist, they may be the appropriate 

target group for a reintrOduction effort. An alternative to 

this selective capturing process would simply be to use 

juvenile warblers as the reintrOduction group, since 

floating birds are likely young birds. 
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Key to symbols used in Appendix c: 

Locations: 
L1 = Silver Creek Release site 
L2 = Buck Creek V 
L2 = Buck Creek III 

sites: 
Sl 
S2 
S3 
S4 
S5 

= cage site 1 
= cage site 2 
= cage site 3 
= cage site 4 
= cage site 5 

Color-band colors: 
B = blue 
T = light blue 
W = white 
G = green 
R = red 

-

Color-band positions: 
First color = band on 
Second color = band on 
r = bands on right leg 
1 = bands on left leg 

top 
bottom 

- Thus, BWr would mean blue over white on the right leg. 


